1 Abstract-In the last decade, many new structures of Impedance Source Networks have been presented and applied to a variety of powering systems. Electromagnetic Compatibility (EMC) testing is a required procedure, when introducing a new product to the market, in order to confirm that a particular device meets the required standards.
I. INTRODUCTION
Using a Z-Source type of an Impedance Source Network (ISN) [1] to step-up the input DC voltage is a solution that has been used for the past ten years to increase the output voltage of a Voltage Source Inverter (VSI). The first basic version of a Z-Source circuit [2] had a disadvantage -a discontinuous input current. Since then, the number of new proposed ISN systems [3] - [6] is still increasing. The ZSource circuit, like most of the step-up DC/DC converters, stores energy in the inductances. These inductances always have an influence on the control transfer function of the VSI. The influence on the control transfer function determines affects the dynamic characteristics of a VSI with impedance networks [7] , [8] . ISN are increasingly used in renewable This work was partially supported by the Polish Ministry of Science and Higher Education funding for statutory activities.
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The novelty of this work is the analysis of the five most often used ISN structures, in particular tests on radiated emission and conducted disturbance. All of the experiments produced relative measurements values, which were compared with each other. The experiments were performed in the certified EMC chamber CHC Franconia ( Fig. 1(a) ) using the experimental model of an inverter working with ISN. The experiments were supervised by a person who is authorized to conduct these kinds of tests. The experimental model of the inverters was designed in line with the rules of power and signal integrity, and in accordance with the norms that are currently in force [12] , [13] as well as with standard engineering practice. A PWM modulation scheme is the control algorithm of inverter switches. The H-bridge circuit and three-level modulation is a typical solution among the single-phase voltage inverters that are dedicated for UPS systems. The authors of [14] tested three PWM modulation schemes specifying the output voltage, radiated emission and conducted disturbance for each test modulation scheme. The first schematic does not permit the zero states of the inverter to be identified, because the control of switches due to the logical product (logical conjunction) control two opposite switches in the H-bridge. The second schematic should be rejected because of the synchronization issues between the two waveforms in the two branches of the H-bridge. The implementation of the third schematic for the control of a ZSource network was presented in [7] . Additionally, the lowest levels of registered electromagnetic interference levels were obtained for the control scheme described in [14] as the third modulation scheme. The authors of [14] presented a method of a control algorithm for inverter Hbridge switches that influenced the registered radiated emission and conducted disturbance.
Many methods of ISN control were presented in [15] . The basic method of control, which is called a Constant Boost Control, was used in this work. In this solution, the dZ coefficient ("shoot through" state) is constant, and therefore its influence on the results that are obtained are limited.
In all impedance networks, the energy is stored in the inductance in a "shoot through" state, which is implemented by switches in the H-bridge inverter in its zero states (when the input voltage of the output filter LFCF is zero). One disadvantage of an impedance network is the large power losses in the "shoot through" state -an additional current impulse goes through the switches in the H-bridge inverter.
The "shoot through" state thus causes power losses that are dependent on the length of the dZ coefficient. These power losses cause the loss of the effectiveness of an inverter working with impedance networks -ISI. Additionally, in an inductance ISN, significant changes in the current value can be observed ( Fig. 1(b) ).
The authors of the structures present both the advantages and disadvantages of their solutions. They describe a solution dedicated to reduce problems with Electromagnetic Compatibility (EMC). However, in the literature, no one has performed comparative studies of several structures by defining the recorded levels of electromagnetic disturbances. Such relative comparative studies would have to determine the estimated values of the recorded levels of disturbance depending on the structures that were applied.
In this study, research related to conducted disturbances and radiated emission of five (Table I ) selected structures of the impedance network was performed in a certified chamber CHC Francomia. The selected structures were:
 ZSI (Z-Source Inverter Fig. 2(a) ) [1] represents symmetrical structures with a Discontinuous Input Current (DIC) with a decentralized connection to a ground,  qZSI (quasi-Z-Source Inverter Fig. 2(b) ) [16] represents asymmetrical structures with a Continuous Input Current (CIC) with a centralized connection to a ground,  CqZSI (Cascaded quasi-Z-Source Inverter Fig. 2(c) ) [17] represents asymmetrical structures that have a more complex solution than the qZSI, a structure of a cascade of a few qZSI (in our case two qZSI are connected) with a CIC with a centralized connection to a ground,  SLZSI (Switched Inductor Z-Source Inverter Fig. 2(d) ) [18] represents symmetrical structures that have a more complex solution than a ZSI with a DIC and with a decentralized connection to a ground,  LCCT-qZSI (Inductor-Capacitor-Capacitor-Transformer quasi-Z-Source Inverter) [19] represents structures with a CIC that use a transformer with a centralized connection to a ground. One type of control Constant Boost Control [20] was used in all of the ISN structures that were studied, which has appeared to have the least impact due to both the dynamics of the inverter circuit with the ISN and the recorded radiated emission and conducted disturbance. In this mode, the control should be provided with the relation coefficient dZ ≤ 1 -M, where M is the modulation index of the sine. The "shoot through" state must be the same or shorter than the zero-state inverter. For example, the control "Maximum Boost Control" would cause a larger voltage gain [21] , when the ratio dZ changes with the sinusoidal waveform of the reference when dZ(ωt) = 1 -Msin(ωt). It appears that such a dynamic parameter change in dZ may affect the register levels of the electromagnetic disturbances and consequently, the results may be inconclusive. In the ISN Super-MSS™ Sendust (MS) choke structure, an alloy-powder material of the toroid core RTMSS material was used. The influence of materials on VSI systems has been described in the literature [8] , [22] . Changing the operating temperature of inverters also has a significant impact on their performance [23] , [24] , [25] . The values of the elements in an ISN structure (capacitance and inductance) are calculated in accordance with [7] .
In this study, only the mode CCM (Continuous Current Mode) was used for each test structure. Mode DCM (Discontinuous Current Mode) may add additional electromagnetic interference.
II. EMC THEORY
In order to specify the impact of the ISN on the electromagnetic interference, the impact of change rate modulation depth M recorded disturbances were tested and analysed in the first stage. The research studies are relative, and are aimed at presenting the differences in the received levels of electromagnetic disturbance the ISN structures with the same experimental model of the inverter and the same control software.
The basic solutions that are used to reduce electromagnetic disturbances in an ISN are a common ground, the reduction of the coefficient dZ (shorter "shoot through" state) through the use of cascaded structures or additionally switched inductance, the use of transformers in order to reduce the number of switching elements, the application of modern soft magnetic materials in order to reduce power losses [26] , the use of a quasi-resonant softswitched [27] and other steps [28] . In the experimental model, the switching frequency of the H-bridge elements were 25 600 Hz. The project VSI was consistent with current design practices [29] .
III. EMC INVESTIGATION
The tests were performed in a certified chamber CHC Franconia in accordance with EN 55022 under the supervision of a person who is authorized to conduct such research. The study was divided into two phases for which tests were performed on both the conducted disturbances and radiated emission. Because of the dependence of the control ISN from the modulation index M, which results from the method used to control the CBC, in each case in this study, the impact of changes in M -factor for the inverter operating without the ISN analysed in the first stage of the study. The second stage focused on the analysis of the recorded levels of the disorder experimental inverter with the ISN creating the ISI. These two stages of the analysis of conducted disturbances and radiated emission were carried out in the subsequent stages. All of the tests were carried out for two loads 47 Ω and 2000 Ω.
The analysis, which were conducted for disturbance levels (range 150 kHz to 30 MHz) and radiated emission (range from 30 MHz to 1 GHz), began by determining the effect of the disturbance changes of the modulation depth M without impedance network structures on the observed levels. Analysis was performed for three selected values of M, respectively, 0.50, 0.70 and 0.95. For each analysed case in respect of conducted disturbances, the research for the phase and neutral connections of the experimental model with the network were performed. Examples of the results are presented in Fig. 3(a) (conducted disturbances) and Fig. 3(b) (radiation emission). The collective results are presented in Table II and Table III. Measurements were taken at a distance of three meters from the experimental model. The first part of the measurement focused on selecting three antenna heights in the range from 100 cm to 200 cm, in order to be able to select the worst case (highest recorded disorders) and the amount was included in further studies. After a preliminary analysis of the results, three heights (100 cm, 120 cm and 140 cm) were selected at which further measurements were carried out taking into account the amount for each of two polarizations (horizontal and vertical) and eight different settings of the test model (rotation of 45 degrees). With these guidelines, measurements were conducted in which the following features were subject to change: three heights, two polarizations, eight different settings model, three analysed values the modulation depth M and two different loads -47 Ω and 2000 Ω.
In the studies related to the conducted disturbances for each of the analysed case studies for the phase and neutral connections, experimental models of the network were used. These guidelines were used in all of the subsequent studies. The relative study for the inverter model without ISN structures showed that the impact of changes in the value of the parameter M on the levels of electromagnetic disturbances is insignificant. It should be emphasized that the only aim of the relative studies was to compare the change in the value received from the analysis of the levels of electromagnetic disturbances in identical conditions (certified chamber). During the analysis, neither an additional filter nor the cover were taken into account, which would have the effect of reducing the level of interference received, and which are used in engineering practice. The use of such filters would have an additional impact on the characteristics of electromagnetic interference that were obtained, thus making the interpretation of the results difficult. 
A. Conducted Disturbance
First, a PreScan measurement using the peak detector (green -in Fig. 3(a) ) was performed. The measurement was performed for the entire tested range with a constant step of 4 kHz. In second stage of the study, measurements with the detector quasi-peaks, which are marked as purple triangles were performed. The points that are marked with triangles are the places at which the standards were exceeded or where the course was in close proximity to the limit of the standards. For these locations, an additional measurement was performed in order to determine the precise maximum disturbance at the point of the local extreme. A summary of the results is presented in Table II. Research studies are comparative, relative ones. The standards do not specify the recommended methods of the comparative characteristics that are derived from the research. For commercial work, only a test result is defined, which indicates the operation of the test system according to the standard or as dedicated with reservations, which must therefore be used to redesign the system. The method used to compare the results is based on the average of the results for an entire range, as well as the division into compartments (Table III) and analysis of the recorded average local maximum values (Table II) .
When analysing the results that are obtained, one should pay attention to the characteristics of the division due to the smaller and greater variability in the values that are obtained. For the qZSI, SLZSI and CqZSI structures, a greater volatility of recorded results was observed from the frequency of 2 MHz, while for the ZSI 1.5 MHz, and for LCCTqZSI it was 800 kHz. The selection of the interval is crucial to emphasize the impact. Inclusion of too many points to wrong interval reduced impact at the calculating the average (Table III and Table IV ). For the analysis of the assumed range for all of the structures from 150 kHz to 1 MHz -those with a lower volatility, while those in the range from 1 MHz to 30 MHz are considered to be in the range that has a greater volatility.
B. Radiated Emission
In the study of the radiated emission, preliminary analysis (uses PreScan) peak value detector was first was carried out, and then in the second step, measurements of the detector quasi-peak and detection of the average values. The analysis of the radiated emission ISN structures were carried out in the range of from 30 MHz to 1 GHz. Being aware of the fact that the studies were designed to be comparative studies and the standards do not clearly specify the methods for comparing the characteristics that are obtained from studies conducted in these chambers, some simplification was used. Unlike the analysis conducted on the disturbances, the decision was made not to analyse the average values of the maximums of the waveforms. This was because, among other things, there was a similar trend in the waveforms of the radiated emission that was registered for the analysed structures.
The measuring step is used equal to 40 kHz -higher value compared with conducted disturbance due to the fact analysed wider range. For the assessment of the radiated emission obtained, the average value of the results of the full range and divided into two ranges were analysed.
The entire range was split into two zones for the analysis, which -as in the case of the conducted disturbances -were divided into compartments that had the characteristics of the higher and lower volatility levels that were recorded for the radiated emission. Table IV summarizes the mean values that were obtained for the entire range and then divided into two sub-ranges, respectively, from 30 MHz to 200 MHz and from 200 MHz to 1 GHz for two RLOAD. It also presents the maximum value that was recorded for the entire analysed range.
IV. RESULTS

A. Conducted Disturbance
The highest average levels of conducted disturbances were obtained for the SLZSI and the ZSI structures. The highest average value recorded for the local maxima was determined for the ZSI structure. The lowest recorded levels of conducted disturbances were observed for the CqZSI and LCCTqZSI structures. The reduced levels of disorder that were observed in the other ISI systems were analysed based on a centralized reference plane and operated at a constant input current (CIC) (proposed in qZSI) as well as in CqZSI and LCCTqZSI. As regards the differences between the ZSI and SLZSI, the other structures, as described [18] , should be characterized by lower levels of electromagnetic disturbances due to the lower value of the coefficient dZ, but studies did not confirm this. Considering only the received average values (Table III) , we observed higher recorded levels of disturbances for SLZSI. This result may due to the fact that a structure seven diodes were used to switch the inductance, which affects the inductance in the structure. This fact can also be confirmed by analysing the CqZSI structure simultaneously with the SLZSI structure. The structure during the test used the same value of dZ = 0.27. Despite this fact, a significant difference can be observed in the conducted disturbance in favour of the CqZSI structure (Table II and Table III ). This may suggest that there is no justification for using switching elements in the ISN structure (for example with attaching coils) due to the reduction of conducted disturbances. During the selection of an ISN, it should be known that systems without switching inductance are characterized by lower levels of disturbance. The results of the comparison of the ZSI with qZSI using the analysis of the same value dZ = 0.40, present the potential to reduce conducted disturbances during when using a centralized ground and working with continuous input current (CIC). Comparison of the ZSI and qZSI in terms of conducted disturbances discredits a solution with decentralized point of reference. To compare the qZSI and CqZSI structures where the structure is a triple cascade CqZSI and to obtain output voltage level VOUTpp = 120 V, the "shoot-through" for CqZSI is dZ = 0.27, and for qZSI it is the same output voltage, but with dZ = 0.40 being applied. It seems that such a significant difference in the parameter dZ should be reflected in the conducted disturbances results that are obtained. However, the difference for the benefit of CqZSI was only observed at negligible levels in terms of the average maximum value disorders. Taking into account the results from the average results of the entire range frequency, note the difference of a few dBµV. It can be concluded that the reduction factor dZ reduces the average value of the recorded conducted disturbances, and that the maximum values are registered at similar levels. It is clear that the lower value of the load of the recorded disorders caused lower mean values for the entire range, but it should be noted that the load at 2000 Ω will operate with a DCM (Discontinuous Current Mode), which might cause additional disturbances in the current flow as presented Fig. 4 (marked with points 1 and 2). Most probably, due to that fact, the LCCTqZSI structure observed higher levels recorded conducted disturbances for the load at 2000 Ω than 47 Ω. Table III for inverters without ISN (Voltage Source Inverters) the same time, it can be seen that the load change had a negligible impact on the levels of disturbances radiated and conducted. The results clearly discredited the SLZSI structures. SLZSI recorded the highest levels of radiated for the two analysed RLOAD. It also had the highest level of the average for the entire range and the highest recorded average value for the two designated sub-ranges among the tested structures. The lowest recorded maximum levels of radiated emissions was obtained for the LCCTqZSI structure. The recorded average levels for LCCTqZSI structures were similar to the average recorded minimum values. No significant differences in the levels of interference between structures ZSI and qZSI structures were registered, as was the case during the analysis of the conducted disturbances. This may be due to the fact that the switching frequency was 25 600 Hz, which is significantly below the early registration radiated (30 MHz). Due to this fact, a larger impact was recorded for lower frequencies (conducted disturbances). The recorded mean levels for the CqZSI structure can be defined as acceptable in comparison with the levels obtained for the SLZSI structure, which used the same value of dZ ("shoot through" state).
B. Radiated Emission
V. CONCLUSIONS Research on conducted disturbances (Fig. 5(a)-Fig. 5 (e) in Appendix A) and radiated emission (Fig. 5(f)-Fig. 5(j) in Appendix A) help to demonstrate and confirm some important issues concerning the Electromagnetic Compatibility of Impedance Source Inverters. The importance of using a centralized system to connect to the reference plane was shown. This research also helped to prove that the level of conducted disturbances depends mainly on the continuous input current. In addition, it confirmed the validity of the reduction coefficient dZ to reduce electromagnetic disturbances. Keep in mind that the reduction parameter dZ is linked to an increase in the value of the currents, which accumulate more power choke structures in less time. 
